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Population increase and economic growth have played huge parts in the 
continuously increasing global energy consumption, which has led to the fossil fuel 
reserves decline and greenhouse gas emissions. Thus, there is a significant increase 
in interest in alternative renewable energy sources, among which is osmotic power or 
salinity gradient energy. Osmotic power is harnessed upon the mixing of water 
streams with different solute concentrations and osmotic pressures (typically, 
freshwater and saltwater). Pressure retarded osmosis (PRO) is a process which 
exploits the osmotic pressure difference between the water streams and allows water 
to pass through a selectively permeable membrane from the less concentrated stream 
to the pressurised more concentrated stream. While PRO presents itself as an 
environmentally benign energy-harnessing process, its wide-scale implementation 
and technological development are hindered by challenges, among which is the 
available of suitable and high-performance membranes. Thin film composite (TFC) 
membranes are conventionally utilised for PRO, due to their porous membrane 
substrate and dense thin film selective layer, which, together, can exhibit outstanding 
separation performance and withstand the application of hydraulic pressure during 
PRO operation. In this thesis, TFC membrane development for PRO was conducted 
by engineering specifically the polyamide thin film selective layer. Several techniques 
were conducted in this thesis, which include: (1) nanomaterial filler incorporation; (2) 
surface functionalisation via nanomaterial incorporation; (3) chemical treatment; and 
(4) substrate-and-selective-layer interface modification. 
First, melamine-based covalent organic framework nanomaterial, Schiff base 
network-1 (SNW-1), was incorporated into the polyamide selective layer to develop a 
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thin film nanocomposite (TFN) PRO membrane. This material was chosen due to its 
size, porosity, and intrinsic hydrophilicity, and these properties could further enhance 
the performance of the TFC PRO membrane. SNW-1 deposition during interfacial 
polymerisation (IP) was first investigated, and it was observed that the secondary 
amine functional groups of SNW-1 react with the carbonyl groups of the acyl chloride 
IP precursor, effectively reducing the available reactive groups for the amine 
precursor; thus, SNW-1 was incorporated through the amine precursor, m-
phenylenediamine (MPD). Upon incorporation, the porosity and intrinsic hydrophilicity 
of SNW-1 facilitated water transport across the membranes, while maintaining 
satisfactory salt rejection ability, resulting in enhanced water flux and power density. 
The best performing membrane with 0.02 wt% loading of SNW-1 exhibited an initial 
water flux of 42.5 L m-2 h-1 and a maximum power density of 12.1 W m-2.  
The second study on functionalisation of the polyamide selective layer was 
achieved via the incorporation of a sulfonate-functionalised porous polymer, PP-SO3H. 
Following the successful development of SNW-1, another nano-sized porous material 
was chosen due to its size, porosity, hydrophilicity, and functionality. The sulfonate 
functional group of the material was hypothesised to provide better affinity with water 
molecules and resistance with solute particles. PP, a hydrophobic porous organic 
polymer synthesised via Friedel-Crafts alkylation of dichloro-p-xylene, was reacted 
with chlorosulfonic acid to produce the hydrophilic sulfonate-functionalised PP-SO3H. 
Not only did the presence of the highly hydrophilic functional group assist in the 
nanomaterial compatibility with the aqueous amine precursor during IP, it was also 
able to extend its functionality with the selective layer, enhancing the membrane water 
permeability, porosity, and osmotic energy harvesting capability. The best performing 
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membrane with 0.002 wt% loading of PP-SO3H exhibited an initial water flux of 46.3 L 
m-2 h-1 and a maximum power density of 14.6 W m-2.  
TFC membranes are known to be highly susceptible to constant exposure to 
chemicals, such as chlorine, present in the water streams, which damage the 
membrane selective layer after continuous exposure. After TFC membrane 
modification via nanomaterial incorporation was performed for the first two technical 
chapters of this thesis, TFC membrane modification was then performed using 
chemical agents. Exploiting the chemical reactions of the polyamide with chemical 
agents and controlling the antagonistic effects were hypothesised to improve the water 
permeability performance of the TFC membranes. In the third study, the TFC 
membranes were placed in control oxidative degradation conditions using active 
chlorine in aqueous NaOCl solution. Chlorine and heat can thin out the dense selective 
layer, and when controlled and optimised, can tune the membrane surface properties 
and separation performance. Optimisation was performed in terms of chlorine 
exposure (a factor of both exposure time and chlorine dosage), solution pH, and 
subsequent heat treatment time. The resultant membranes exhibited various levels of 
polyamide degradation and increase in water permeability, at the expense of salt 
rejection performance. Response surface methodology (RSM) was performed to 
maximise the water permeability and power density and the antagonistic effects of the 
chlorine modification on the TFC membrane rejection capability was controlled. The 
RSM results showed that modification of the TFC membrane using 4000 ppm Cl2∙h, 
pH 10.9, and 216 s (3.6 min) heating time would yield the highest water flux of 84.7 L 
m-2 h-1, specific reverse solute flux of 1.8 g L-1, and power density of 4.7 W m-2 at 5 
bar. These results indicate the usability of chlorine modification for TFC PRO 
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membranes for specific and niche PRO applications, especially those which does not 
require a high hydraulic pressure and high membrane selectivity. 
The relationship of the membrane substrate morphology and the formation of the 
polyamide selective layer during IP was lastly investigated. This study aimed to bring 
together both chemical modification and nanomaterial incorporation to enhance the 
PRO membrane performance. The membrane substrate-and-selective-layer interface 
was modified by the introduction of bio-inspired polydopamine (PDA) interlayer. Two 
types of PDA layer were prepared and compared in this study: (1) the conventional 
PDA layer formed from the self-polymerisation of dopamine, and (2) the PDA 
nanoparticle layer formation formed from ammonia-initiated dopamine polymerisation. 
The difference in the interlayer morphology revealed differences in the way the 
polyamide selective layer was formed during IP, leading to difference in osmotic 
performance, as well. While the smooth interlayer was known to be preferred due to 
the ability to form thinner and less dense polyamide, the nanoparticle interlayer 
exhibited the formation of a looser polyamide, similar to nanomaterial-incorporated 
TFN membranes, with the PDA nanoparticles providing enhanced hydrophilicity and 
additional channels for water molecule transport. The best performing membrane with 
nanoparticulate PDA layer formed at pH 9.0 exhibited an initial water flux of 40.8 L m-
2 h-1 and a maximum power density of 17.1 W m-2. 
The four studies presented in this thesis show how vital the engineering of the 
polyamide selective layer is in enhancing the separation performance and osmotic 
energy harvesting capability of TFC PRO membranes. These techniques prove not 
only facile and effective, these are also versatile and applicable for a variety of 
membrane substrates and even larger-scale membrane development.
